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Abstract 
 
 
 
This paper discusses the development of the German power system in the context of nuclear phase out. An energy 
system model has been developed to study different scenarios taking into account an immediate or a delayed phase 
out of the operating reactors. The model has a regional focus considering the plans of the German government 
regarding renewable technologies expansion and the current installed capacity of all the power generating 
technologies. The model is developed using OSeMOSYS, an open source energy modelling system (Mark Howells, 
2011) and provides information on the energy production, installed capacity, and GHG emissions for the simulate 
years (2013-2055). The results of each scenario is then discussed and compared to the EU and Energiewende targets 
for 2020, 2030 and 2050. A second objective of the study is to set up the priorities in research and innovation in 
nuclear power. Hence, the technology priorities are evaluated in terms of expenditure, number of patents, and 
number of publications, categorized by countries or regions. Indicators are used to analyze the future of research 
and innovation in the field of nuclear power.  
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1. Introduction  
This section provides an overview of the topic studied in this work, an explanation of the problem, and a 
summary of previous studies. 
1.1 Rationale 
Accidents in nuclear plants have changed the history of nuclear power and the energy policies of the 
countries towards it. After Three Mile Island (USA, 1979) and Chernobyl (Ukraine, 1986) the improvements 
of equipment in the training procedures and especially in the safety culture increased the capacity factor 
of nuclear power worldwide from 60% to more than 80%.  
 
The Fukushima accident resulted in many countries announcing deep safety reviews of their reactors. After 
the results, some of them decided to slowdown the expansion plans, - or even close some of their operating 
reactors. Other countries took it one step further, and decided to phase out all their nuclear power plants 
(e.g.  Switzerland and Germany). 
 
The immediate consequence of the Fukushima accident was that the German parliament decided to 
shutdown 8 reactors, resulting in a loss of 11 GW of installed capacity in just one year. Furthermore, the 
German parliament also decided to phase out all their nuclear power until 20122, despite the fact that the 
Reactor Safety Commission (RSK) reviewed the 17 reactors and evaluated the plants robustness against 
natural disaster events, station blackouts and failures of the emergency cooling system with the result that 
all the reactors were completely safe.  
 
Even without this planned reduction of the installed nuclear capacity, German climate protection targets 
are challenging. They include a GHG reduction target of 40% in 2020 (compared to the emissions in 1990) 
and a reduction of 80% in 2050. Therefore, renewable technologies are projected to contribute 35% of the 
energy consumption in 2020 and 80% in 2050. All these measures among others, are included in the Energy 
Concept that established the principles of a long term integrated pathway until 2050 with the aim of making 
renewable technology the cornerstone of the future energy supply (IEA,2013).  
 
This paper study whether Germany will be able to achieve the energy targets, even with the phase-out of 
nuclear energy. To do this different scenarios will be simulated taking into account an immediate or a 
delayed phase-out of the operating reactors. Since the renewable energy generation depends strongly on 
the site quality, further expansion of renewables will continue to explore favourable locations as a priority 
(R. McKenna,2013). The regional imbalance in supply will increase with the nuclear phase-out and added 
capacity of new coal power plants and wind power in northern Germany (Egerer et al,2015). Hence, this 
study will also have a regional focus, taking into account the capacity installed in the different regions and 
the re-dispatch between the Transmission System Operators.  
 
To achieve that aim, after collecting the economic and technical parameters, the German electricity system 
is going to be simulated in OSeMOSYS. This Open-Source Energy Modelling System developed by KTH dESA 
will provide a consistent set of environmental and energy balance, based on cost optimization.  
 
The paper is structured in seven chapters; the first one includes an overview of the topic and the literature 
review, next one describes the situation of the nuclear power and the priorities in research and innovation. 
Chapter three summarizes the main aspects of the German power system and chapter four and five include 
the reference energy system, calculations, assumptions and scenarios that will be used in the model. 
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Chapter six compare the results with previous studies and finally, chapter seven is the overall conclusions 
of the thesis.   
 
Ultimately, the purpose of the study is to have an overview of the future of nuclear energy in Germany, as 
an example of changes in energy policies towards it, and to set up the priorities of the research in nuclear 
power. Therefore, the priorities in the research will be evaluated trough different parameters for several 
countries. With them, the development of the different technologies will be analyzed to determine the 
future of the innovation in the nuclear reactors. 
 
This part of the report will contribute to the Policy Report Supporting safe and efficient operation of 
nuclear systems, development of innovative reactor concepts and sustainable solutions for the 
management of fissile materials and radioactive waste prepared by the FP7 funded energy think tank 
INSIGHT_E.  
1.2 Literature Review 
In this section the previous studies about the German electricity system will be summarized, focusing on 
the results obtained about GHG mitigation and RES share in the electricity consumption. Moreover the 
reports and articles that provided the information to set up the priorities in nuclear researched will be 
outlined in this chapter. 
Study Model 
Approach 
Geographical 
boundaries and 
timeframe  
CO2 prices Growth of 
renewables  
Scenarios, 
assumptions and 
results 
German 
nuclear 
policy 
reconsidered 
: 
Implications 
for the 
electricity 
market 
Institute of 
Energy 
Economics 
at the 
University of 
Cologne 
(EWI, 2012)  
DIME Germany (national 
basis) 
2008-2030 
Both 2030:  
39,5€/tonCo2 
(SNA) 
41,3 €/tonCo2 
(SNB) 
2030 in GW: 
Hydro (5.4) 
Onshore 
Wind (35.8) 
Offshore 
Wind (16.7) 
PV (43) 
BM&Waste 
(9) 
Phase out of 
nuclear energy 
for 2036 (scenA) 
RES share:35,7% 
for 2020 and 56% 
in 2036. 
Phase out of 
nuclear energy 
for 2022.  
RES share 38% for 
2020 and 61% for 
2036.  
District heat 
simulated, 
imports and 
exports.  
 
Germany’s 
Nuclear 
Phase-out: 
Sensitivities 
and Impacts 
on Electricity 
Prices and 
CO2 
Emissions, 
(Knopf et al, 
2014) 
 
MICOES 
Bottom-up 
electricity 
market model  
 
Germany (national 
basis) 
2011-2038 
 
For 2020: 
31,2€/tonCo2 
For 2030: 
36,4€/tonCo2 
 
65% in 2030 
 
Exit of nuclear 
energy different 
years 
(2015,2022, 
2038) and 
replacement with 
gas and coal.  
Co2 reduction 
2020: 
(2022, gas+coal) 
55,4% reduction 
(2038,gas+coal)  
73%% reduction  
Co2 reduction 
2030: 
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Table 1.  Summary of previous studies about German power system.  
 
 
 
 
 
 
 
 
 
 
 
 
(2022, gas+coal) 
70% reduction 
(2038,gas+coal)  
81,5% reduction  
 
 
Climate-
friendly, 
reliable and 
affordable 
100% 
renewable 
electricity 
supply by 
2050, 
German 
advisory 
council on 
the 
environment 
(SRU, 2010) 
 
 
 
 
 
REMix Germany (national 
basis) 
2010-2050 
 
For 2030: 
31,2€/tonCo2 
For 2050: 
41,6/tonCo2 
Capacity 
2050 
SN1 
PV (86) 
Onshore 
Wind(33) 
Offshore 
Wind(73) 
Biogas(7) 
Hydro (4,1) 
SN2 
PV (110) 
Onshore 
Wind(40) 
Offshore 
Wind(73) 
Biogas(7) 
Hydro (4,1) 
Exit of nuclear 
energy 2022.  
SN1 demand 
decreasing until 
509 TW/h in 
2050. 
SN2 demand 
increasing until 
700TW/h in 
2050.  
Results: both 
achieve RES share 
in 2049.  
 
Energy 
policies of 
IEA 
countries, 
Germany 
2013 
 
 
 
MARKAL 
 
Germany (national 
basis) 
2013-2040 
 
 
For 2050 
160 
eur/tonC02 
 
Growth rates 
(2030-2040) 
Waste (1,5%) 
Hydro (0) 
Wind (1,7%) 
Solar (1,7) 
 
Share RES 75% 
for 2040 
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Title  Authore, date  Points Level Technologies  
Strategic 
Research 
and 
Innovation 
Agenda 
Sustainable 
Nuclear Energy 
Technology, 
February 2013 
Nuclear power 
Research priorities 
World Set up the technology 
priorities.  
2013  
Technology 
Map of the 
European 
Strategic 
Energy 
Technology 
Plan 
 
European 
Commission, 
2014 
Market industry 
R&D priorities and 
current initiatives 
General needs 
World Research priorities, 
development of them, 
current projects.  
Table 2.  Summary of reports about nuclear research priorities.  
2. Situation of nuclear power  
This chapter aims to provide a general overview of the current policies that countries adopted after the 
Fukushima accident and to outline the main technology priorities in research and innovation in nuclear power.  
2.1  Main policies after Fukushima 
Today there are over 438 commercial nuclear power reactors operating in 31 countries, equivalent to 
375000 MWe of total capacity installed and 11% of the electricity produced worldwide. (IAEA, 2014).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 1.  Capacity of nuclear power plants in 2011 and 2012.  
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Within these countries just three of them contested the future of the nuclear energy after the accident: 
Japan, Germany and Switzerland. Due to the shutdown of reactors in these countries, the installed capacity 
decreased worldwide from 2011 to 2012. In 2013, Japan formulated nuclear energy as a key base-load 
power source, in their Strategic Energy Plan. 
 
Despite this, three types of policies towards nuclear energy can be identified worldwide. Countries like 
India or China with a high expansion planned (50 reactors under construction), those with a limited 
expansion owing to a renovation of the current nuclear plants like Finland and UK, and finally countries that 
decided to extend the lifetime of their nuclear plants with improvements and replacements of the 
equipment, e.g. Spain and Sweden.  (World Energy council, 2012.) 
2.2 Research and innovation in nuclear energy 
 
After Fukushima, the Sustainable Nuclear Energy TechnologyPlatform (SNETP) formulated the R&D 
priorities for generation II and generation III reactors. These included three main areas related to the 
operation of nuclear reactors: accident management, risk assessment, radiation protection, plant safety 
and integrity of the operating reactors.  
 
Light Water Reactors (LWR), the most common type of reactor are mostly built in the middle of the 80s,  
and thus   a better understanding of the ageing mechanism and monitoring of the ageing material became 
a priority for these reactors in order to assess the long-term economic availability of LWRs. Research and 
innovation in LWR has also lead to new Pressure Water Reactors (PWR) designs such as the European 
Pressurized Reactor (EPR) and AP1000.  
 
Cogeneration potential of Very High Temperature Rectors (VHTRs) are also recognized as a priority by 
SNETP. This reflects a large potential, since nuclear energy is the GHG free electricity supplier and electricity 
is only 20% of EU electricity market (SNETP, 2013) 
 
The main European projects being developed in that field are: Nuclear Cogeneration Industrial Initiative 
(NC2I), which includes more than 20 technology partners.  These members include engineering companies 
(AREVA or EON), universities and research institutions such as AGH and CVR. NC2I will most likely focus on 
the demonstration of a moderate temperature, moderate size High Temperature Reactors (HTR) connected 
to industrial processes as a replacement of fossil fuel cogeneration supply.   
 
The ARCHER project has the objective to provide technical solutions in support of nuclear cogeneration 
demonstrations. The partner consortium consists of representatives of conventional and nuclear industries, 
utilities, technical support organisations, R&D institutes and universities. The main R&D areas this project 
focuses on are: system integration assessment of nuclear cogeneration with the industry, High 
Temperature Reactors (HTR) fuel, HTR materials, nuclear cogeneration knowledge management, training 
and communication.  This project includes international partners in the US, China, Japan and Korea in 
cooperation with the IAEA. (EURATOM, 2015) 
 
Related to Fast Breeded Reactors (FBR), the results of studies and projects carried out under the 
International Project on Innovative Nuclear Reactors and Fuel Cycles (INPRO) can contribute and provide 
added value to a wide range of stakeholders and the nuclear and scientific communities in the IAEA 
Member States. The program for FNR has involved 22 countries in connection with the closed fuel cycle. 
Generation IV reactors also include Super Critical Water Reactors.  
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An agreement between Japan’s Atomic Energy Agency (JAEA), France’s CEA and the US Department of 
Energy (USDOE) was signed in 2010. The agreement expanded the collaboration between the developers 
and private manufacturers. JAEA is working on the design of the prototype of FBR Monju. France is 
developing an Advanced Sodium Technical Reactor (ASTRID) and US is now focusing on systems, materials 
and safety analysis based on the information provided from the past experiences (FFTF, EBR-II). (Energy 
Research knowledge center, 2014) 
 
The main research and engineering project about fusion reactors is ITER. This project is building the 
Tokamak, the largest nuclear fusion reactor in Cadarache in France.  The participating states include India, 
Japan, China, Russia, South Korea, USA and EU through EURATOM.  The aim of this project is achieve full-
scale electricity production with these types of reactors. The main challenges for the R&D in the fusion 
field are related to the plasma containment and operation modes, plasma stability and alpha particle 
physics. The development of material that can operate for long periods with high neutron irradiation is 
key for the future of fusion power plants (ITER, 2015). 
 
The main problem associated with management of radioactive waste and fissile materials is current lack of 
a defined policy for permanent storage of spent fuel and HLW (High Level Waste). The Joint Convention has 
developed activities towards the implementation of Geological Disposal Technology Platform. 
Complementary solutions to disposal are also under investigation in some countries, in particular 
partitioning and transmutation (P&T). Other technologies for recycling nuclear waste include reprocessing 
and volume reduction. (World nuclear association, 2015). 
 
 
 
Field Technology priorities 
Operation in nuclear reactors Accident management 
Risk Assessment  
Radiation protection 
Plant Safety and Integrity  
Innovative reactor concepts Very High Temperature Reactors and Cogeneration 
Fast Breeder Reactors (FBR) 
Fusion Reactors 
R&D in Light Water Reactors 
Super Critical Water Reactors (SCWR) 
Solutions for radioactive waste Decommissioning 
Reprocessing 
Partioning and Transmutation (P&T) 
Final disposal facilities 
 
Table 3.  Technology priorities in nuclear energy.  
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2.3 Research and development expenditure, number of patents and number of publications.  
This section analyse the technologies already mentioned in terms of expenditure, patents and publications 
for different groups of countries. Firstly, the methodology of the research will be detailed, secondly, the 
data will be plotted in graphs for each field, and finally the strengths and weakness of Europe will be 
outlined.  
Methodology 
The first step was to find the data in the sources that have been provided by the partners of INSIGHT_E 
project. The R&D expenditure for each technology are based on figures provided by the OECD Library. R&D 
expenditure is the average for the years from 2011 until 2013, and it is expressed in terms of million euros 
expended for each technology. Number of patents has been found in Global Patent Index with the 
appropriate words for each technology. Number of publications are   done by country with the information 
available in Science Direct.  
 
In the expenditure from the research in the OECD library, it is important to adjust each category of 
expenditure with the technology priority that has been mentioned before. For that, each category has been 
studied in order to obtain accurate results that fit with the investment of the technology.  
 
Technology  OECD Library category 
Accident 
management 
Unallocated nuclear supporting 
technologies 
Risk assessment  Other nuclear fission 
Radiation 
protection  
Environmental protection 
Plant safety and 
integrity 
Plant safety and integrity 
VHTR and 
cogeneration 
Other converter reactors (412) 
Fast Breeder 
Reactors 
Nuclear Breeder 
Fusion Reactors Nuclear Fusion 
LWR LWRs 
SCWR Other converter reactors (4122) 
Decommissioning Decommissioning 
Reprocessing Fissile material 
recycling/reprocessing 
Partioning and 
transmutation 
Other fuel cycle 
Final disposal Unallocated fuel cycle 
Table 4.  Categories of research in OECD library  
 
For the research in number of publications and number of patents it is important to set up the key-words 
of the research for each technology. For each category the words that have been used in the research are 
as specified below:  
 
o Accident management: rescue systems nuclear, safety procedures nuclear 
o Risk assessment:  risk assessment nuclear, numerical simulation nuclear 
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o Plant safety: fissile material control, structure protection nuclear plant, corrosion protection nuclear 
plant 
o Nuclear Cogeneration, High Temperature Reactor 
o Fast Breeder Reactor, Innovation Light Water Reactor, Super Critical Water Reactor 
o Nuclear data fusion, Remote handling Fusion Reactor, Tritium Handling Fusion Reactor, Plasma 
Fusion Reactor, Materials Fusion Reactor 
o Transmutation nuclear fuel, Volume reduction nuclear fuel, reprocessing nuclear waste, recycling 
nuclear waste, Final disposal nuclear waste 
Research and development expenditure 
 
Figure 2 . Investment in research and development by technology.  
 
The greatest expenditures in accident management was done by Japan in 2011 (315 M€) and in US (104 
M€) when National Regulatory Commission (NRC) was setting up the FLEX plan accident response strategy. 
However despite this, when analyzing the number of patents we can expect China to be the highest investor 
in that field, since there is no data available of the expenditure for China. France spend 54 M€ in the 
research of plans safety of its reactor fleet in agreement with AREVA. Even if it could seem that the R&D 
expenditure in new types of reactors is dominated by fusion, the investment is practically the same globally 
(868 M€ and 744 M€). Within the other types of reactors the main investment is for Fast Breeder Reactors. 
Japan made the largest investment in the research of waste management and the final disposal of the spent 
fuel (200 M€). This amount was spend in Nuclear Waste Management of Japan (NUMO), focusing on the 
safe implementation of disposal and geological studies. This research culminate with the used fuel storage 
repository in Mutsu. 
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Figure 3 . Number of patents by technology.  
 
China is the country with most patents registered related to radiation protection. China plays a highly 
significant role in nuclear energy technological and safety development due to the growth in their nuclear 
market (the country operates currently 12 reactors but is constructing 24 others, and 12 more are already 
planned). This plan is part of China’s Program for Science and Technology Modernization, developed by the 
governments of US and China. State conglomerates and research institutes dominate Chinas scientific 
investigation, the most important industrial player is China National Nuclear Corporation (CNNC). Tsinghua 
University’s Institute of Nuclear and New Energy Technology (INET) is a leader in the development of fourth 
generation reactor technology. Japan has the highest number of patents registered in the field of new 
reactor concepts, specifically with FBR due to JAEA’s work on the design of a demonstration reactor to 
succeed the prototype FBR Monju.  Japan has achieved the highest number of patents in waste 
management of radioactive waste and spent fuel, due to the research of repositories for the High Level 
Waste (HLW) and Spent Fuel (SF).  
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Number of publications 
 
Figure 4 . Number of publications by technology.  
 
China, France, Germany, UK and US have the largest number of publications. US achieves the highest 
number with 25000 publication about plant integrity and 6000 publications with Fusion Reactors. 
Strenghs and weakness of the European Union 
In terms of patents the EU countries have a medium-high number of patents in all the fields, competing 
with Japan in all the technologies. EU has a high number of patents in tritium handling, decommissioning, 
and plant safety and integrity. The lowest number of patents are in the technologies of SCWR, R&D in LWR, 
Risk assessment and FBR. In contrast, EU is the first group of countries in number of publications about FBR. 
In the same way, there is a high number of patents related with fusion reactors but it is not reflected in the 
number of publications.  
 
 
3. German Power System  
This chapter aims to outline the main aspects of the German power system: generation sources, connection 
of the regions to the grid, policies and targets. The main source of information is Energy policies of IEA 
countries, Germany 2013 (EIA, 2013), other sources will be detailed.  
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3.1 Overview 
German power system is the largerst in Europe and has the highest installed capacity of renewable 
technologies.  In 2013 hard coal and lignite contributed 47% of electricity production and nuclear power 
contributed 16%. Renewables accounted for almost a quarter of the electricity produced in Germany. The 
gross electricity consumption in 2013 was 622.33 TWh. The installed capacity in Germany was 180 GW in 
2013 and half of it is due to renewable technologies (DESTATIS, 2013) 
 
 
 
Figure 5 . Energy share and installed capacity in Germany in 2013.  
 
The main resource of the country is brown coal; Germany is the largest producer of lignite in the world. 
About 90% of the lignite produced is used for power generation. The hard coal is mainly imported even 
though the country has a reserves of 83 billion tonnes. German government wants to extract the hard coal 
reserves until the termination of hard coal production in 2018. Nearly all the crude oil used in Germany is 
imported; domestic extraction covers only about 3% of demand. All the crude oil used for the power 
production is fuel oil.  Natural gas also comes mainly from imports (89%) and only half of it is used for the 
power production. Finally, all the Uranium consumed for the nuclear power plants is imported and all of it 
is used for the power generation. For renewable technologies, the majority of biomass CHP plants are 
operated by companies of the wood processing industry. Thus the main input for these plants are wood 
waste and wood pellets. Gaseous biofuels are predominantly used for electricity generation as well as CHP 
in Germany. There is a variety of digestion plants that use bio waste: organic waste or industrial organic 
waste. Solar power in Germany consists almost exclusively in photovoltaics and the country has been the 
highest PV installer for several years. Wind onshore has a total installed capacity of 38, 2 GW in 2013, with 
almost all the wind farms installed in the north of the country (R. McKenna,2013). 
 
Ownership and operation of the German Transmission System Operators is divided in four companies: 
Amprion, TransnetBW, 50Hertz and Tennet. TSO are responsible for the security and stability of German 
power supply system, this means that they must guarantee an uninterrupted exchange between the 
regions using their power lines and ensure that the consumption and generation levels are balanced.  
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3.2 Policies and targets 
In 2010 Germany took an important decision for their long term energy consumption, namely to obtain 
most of the energy from renewable energy sources. This new Energy Concept established guidelines for 
securing a reliable and affordable energy supply towards 2050. The transformation aims to increase 
efficiency, expand renewable sources and reduce GHG. Another aim of the plan is to be the leader in energy 
efficiency and environmental protection while maintaining competitive energy prices. Energiewende or 
Energy Transition has their own targets regarding the GHG emissions and renewables technologies share, 
which are even stricter than the ones from EU (EC,2013). 
 
 2020  2030  2050  
Target  Energiewende 
(2020) 
20 20 20 
Targets 
Energiewende 
(2030) 
2030 
Framework 
Energiewende 
(2050) 
2050 
Roadmap 
Emission reduction 
target (against 1990) 
-40% -31% -55% -40%  -80 to 95% -79% to 
82% 
Renewable energy (in 
% of the gross final 
energy consumption) 
35% 33% 50% 46% > 80%  
Energy efficiency 
(against 2008) 
20% 20% - 27% 50%  
 
Table 5.  Energiewende and EU targets for 2020, 2030 and 2050.  
 
3.3 Policy instruments  
Enegiewende include many measures for all energy sectors, nevertheless in this section only the measures 
that are related with the electricity sector, and specifically, the ones that are relevant for the model are 
mentioned: renewables expansion, phase-out of nuclear energy and demand reduction.  
Renewables expansion 
Renewables are going to be expanded to become the mainstay of energy supply. The aim is to increase its 
share in gross final energy consumption from roughly 10% in 2010 to 60% in 2050. The aim of the share of 
renewables in electricity supply is to grow to 80% by 2050 (Germany’s new energy policy, 2012).Germany’s 
plan for installed capacity is to grow to 120GW in 2050; wind onshore until 54 GW and wind offshore until 
90 GW (Fraunhofer, 2013).  
Phase out of the nuclear Energy 
Germany decided to abandon nuclear energy by 2022. The seven oldest nuclear power stations and the 
Krümmel nuclear plant have been taken off the grid permanently since spring 2011. The nine remaining 
nuclear power plants will be shutdown gradually until 2022 (Germany’s new energy policy, 2012). 
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Figure 6.  Reduction of installed capacity of nuclear power in Germany from 2013 to 2022.  
 
Demand reduction 
Another goal is to reduce the electricity consumption by 10% in 2020 and by 25% in 2050 compared with 
the levels of 2008.  (Germany’s new energy policy, 2012).  
 2013 2014 2020 - goal 2050 - goal 
Electricity 
demand in PJ 
2028 (2157) 1950 (2074) 1884 (2204) 1569(1670) 
Table 6.   Reduction of the electricity demand according to the goals of German government.  
 
4. Model of German Power System 
4.1 The open source energy modelling system (OSeMOSYS) 
OSeMOSYS is a deterministic linear optimisation model which covers individual sectors or all energy sectors 
on an aggregated level. For this case: electricity. The model is driven by the demand for energy services. 
This demand can be met by different technologies with their own technical and economical parameters. 
The code is written in GNU MathProg programming language and uses the GNU Linear Programing Kit 
(GLPK) solver. Furthermore, unlike other energy systems models, OSeMOSYS potentially requires a less 
significant learning curve and time commitment to build and operate (Howells et all,2011). 
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4.2 German model 
Geographical 
boundaries  
Regions Timeframe 
Germany 
Area: 357,168 Km2 
Population: 80.62 million 
(2013) 
GDP: 3413 trillon $  
GDP per capita: 41955$ 
North:  Lower Saxony, Bremen, Schleswig-Holstein, 
Hamburg, Hessen 
South: Bayern 
South-West: Baden-Württemberg 
East: Berlin, Brandenburg, Hannover, Dresden, 
Mecklenburg-Vorpommern,  
Central : North Rhine- 
Westphalia, Rhineland-Palatinate, Schleswig-Holstein 
 
Base year: 2013 
End year: 2050 
Table 7.   Boundaries, regions and timeframe of the model.  
Figure 7.   Reference Energy System of German model.   
 
The model includes the power system of Germany: resource extraction, electricity generation, 
transformation, distribution and final demand for consumers and industry. Economic and environmental 
cost for all technologies in the years according to cost projections are also considered. The model studies 5 
regions, with its own installed capacity and its own potential for renewable technologies.  
Demand side calculations 
The demand is distributed in the five regions and in three sectors in each region: industry, households and 
commercial. Therefore, it is defined based on the current situation of the electricity consumption, despite 
this, projections of the demand has to be considered in order to optimize the future of the power system 
until 2050. Different demand projections of national and international organizations are considered, all of 
them have similar long-term projections containing a slight decrease the next 35 years.  
 
European Networks Transistor System Operators for Electricity (ENTSOE) developed 3 scenarios for the five 
incoming years, the reference scenario achieves 1836 PJ for 2020, Prognos AG also projected 1838 PJ as a 
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net electricity consumption for that year. All these projections are lower than the demand reduction the 
German government wants to achieve in 2020 (1884 PJ) and in 2050 (1560). Therefore it is concluded to 
use the demand projection of the Federal Ministry of Economics and Technology (BMWi): 10% by 2020 and 
25% by 2050, compared with 2008. Prognos AG estimates that the highest reduction of the demand (-6.5%) 
will be due to the increase of the efficiency of the households rather than the industry (-0.5%) 
 
Finally, the load profile for the electricity must be calculated. The choice of the time slice will be determined 
by the study of the data available. With this, hourly electrical demand is available from ENTSOE. The 
demand profile is plotted for from 2011 until 2013 to know the tendency during the years. After that the 
year is divided into seasons. .  Then with the average load curve of a day for the given seasons the divisions 
for the day will be established.  
 
S01- Winter S02-  Autumn/Spring S03- Summer 
3rd  November to 2th  
March 
3rd March to 30th April 
2nd September to 2nd November 
1st May to 31st August 
Table 8.   Seasons based on the load curves of the demand.  
 The study is focused to set up the divisions for the variation of the demand during the day. An average 
daily load of each season is plotted. In the average day load curve it is observed that the difference between 
the weekdays and the weekends is not relevant. It is also noticed that all the day types can be divided in 
three parts: day, night and peak. Thus, the model will have nine TS in total, the input data for Year Split and 
Specified Demand Profile is given below. 
 
Specified 
Demand Profile 
S01-  Winter  
 
S02- Autumn/Spring  
 
S03 - Summer  
 
Demand 163717429.666   157294833.333   150948439.3333   
% of the share  0.3469   0.3333   0.3198   
DIB1 7-16h 0.1390 8-17h 0.1387 8-17h 0.1359 
DIB2 16-22h 0.0954 17-22h 0.0750 17-21h 0.0575 
DIB3 22-7h 0.1124 22-7h 0.1196 21-8h 0.1264 
TOTAL TOTAL 0.3469 TOTAL  0.3333 TOTAL 0.3198 
 
Year 
Split 
S01-  Winter 
 
S02- Autumn/Spring 
 
S03 -  Summer 
 
Days  120.0000   122.0000   123.0000   
Season 
share 
0.3288   0.3342   0.3370   
DIB1 7-16h 0.1233 8-17h 0.1253 8-17h 0.1264 
DIB2 16-22h 0.0822 17-22h 0.0696 17-20h 0.0421 
DIB3 22-7h 0.1233 22-7h 0.1393 21-8h 0.1685 
TOTAL TOTAL 0.3288 TOTAL  0.3342 TOTAL 0.3370 
Table 9 and 10   Specified demand profile and year split values.  
 
Supply side calculations 
As it is seen in the RES, a range of technologies is defined to supply the demand. Starting from resources; 
hard coal, lignite, natural gas, crude oil, wood and waste extraction are modelled, despite this, the majority 
of the resources rely on the imports. These fuels fed the electricity generation or refineries in the case of 
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crude oil. Then, power plants are aggregated by technology or fuel for each region. Finally the power 
generation plants supply electricity to supply the demands of the different sectors.  
 
Each of these technologies require some techno-economic assumptions (Capital costs, Fuel costs, O&M 
costs, efficiency, Capacity factors and Emission factors). Most of them are based on the Energy Technology 
Systems Analysis Program (ETSAP) (IEA-ETSAP, 2013). Capacity factors for renewable technologies are 
calculated taking into account the data provided by Information platform of the German Transition 
Operators (NETZ-TRANSPARENTZ) for each region. The emissions factors for each technology are 
determined by Fuel and Energy Emission Factors Tables provided by EIA. Residual capacities, the installed 
capacity before the starting year of the simulation by region, are found in Kraftwerksliste, 
Bundesnetzagentur, 2013 provided by BMWi.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 11. Summary of sources of input data.   
Finally an important factor for modelling is technical and environmental constrained potentials. Hence, the 
potential for biomass, biogas, wind onshore, wind offshore, solar and hydropower are limited.  Biomass 
and Biogas are limited to provide 156 PJ and 148 PJ (Country Study on Political Framework and Availability 
of Biomass, 2009). Wind onshore and offshore are constrained accordingly the government expansion plans 
for the renewable technologies taking into account the potential of the different regions. For hydropower 
 Source Description Use  
Resources  Evaluation of tables for the energy balance of 
Germany, ARBEITSGEMEINSCHAFT 
ENERGIEBILANZEN e.V., 2013 
 Own resources: Natural gas, Oil, 
Oil products, Hard coal, Brown 
coal 
 Imports: Natural gas,  
 Oil, Oil products, Hard Coal, 
Uranium  
Input data for the 
model  
Technical 
and 
economical 
parameters 
Supply technologies publications of Energy 
Technology System Analysis Program, IEA, 2013.  
 Capacity factor 
 Efficiency 
 Emissions 
 Fixed Cost 
 Capital Cost 
 Operational lifetime 
Input data for the 
model 
Transmission 
System 
Operators  
Germany’s new energy policy: Heading towards 
2050 with secure, affordable and environmentally 
sound energy, Ministry of Economics, 2012 
 50 Hertz (Eastern region) 
 Tennet (North and South region) 
 Amprion (Central and Western 
region) 
 Transnet (South West Region) 
Regions, Transmission 
between regions.  
Installed 
capacity  
Kraftwerksliste, Bundesnetzagentur, 2013  Installed capacity for the different 
technologies 
Input data for the 
model  
Study of the 
demand  
Country Packages ENTSOE: Germany, ENTSOE, 2013.   Tendency of the demand  Time slices 
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potential change of installed capacity for 2020 is estimated to be -6% in 2020 and 3,7% in 2070 (Lehnen et 
al, 2003). Thus, the installed capacity of hydropower plants is not going to increase.  
 
Related to the distribution by region, specific plans exist for each region for the growth of wind onshore 
and offshore (Fraunhofer, 2013), however rooftop systems represent by far the largest segment in 
Germany. The fact that rooftop systems are mainly owned by private individuals make that the highest 
installed capacity is found in areas with low solar potential due to regional incentives. Hence, the growth 
of renewables is going to be constrained by governmental plans or taking into account the installed capacity 
by region. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.   Growth of renewables by region. 
 
 
Apart from the maximum installed capacity in the years already mentioned, is it also necessary to limit 
the maximum installed capacity in one year by region for a given technology. For renewable technologies 
the maximum investment per year is based on the report on the German power system (Agora 
Energiewende 2013). For fossil fuel-fired technologies it is 1GW per year per technology and per region.  
 
Investment prices for technologies are market prices based on the information provided by ETSAP, taking 
into account the planned decrease of the cost due to the learning factor. However these prices are not 
the real prices for renewable technologies in Germany since they are highly subsidized. Thus an important 
point in the renewable energy law (Erneuerbare-Energien-Gesetz, or EEG) is feed-in tariff (FIT), which 
requires utilities to accept power from independent generators. FIT are fixed for the first 20 years for the 
different technologies, followed by a planned reduction of 52% (Recent developments of feed-in systems 
in the EU – A research paper for the International Feed-In Cooperation, 2012, Fraunhofer). The price is 
set by regulators, according to the cost of each renewable technology. This lowers the capital cost of 
renewable technologies. All the existing capacity of RES is assumed to be in the same conditions regarding 
to FIT respect to the new installed capacities.  
ON-2020 ON-2050 OFF-2020 OFF-2050 PV-2020 PV-2050
Central 8.259604191 11.90919674 0 0 8.808288525 20.32681967
SW 2.202561118 3.175785797 0 0 7.010622951 16.17836066
South 2.15250291 3.103608847 0 0 14.67729836 33.87068852
East 14.86728754 21.43655413 1.948051948 5.844155844 12.1949377 28.14216393
North 15.51804424 22.37485448 23.05194805 69.15584416 9.308852459 21.48196721
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Technology Feed-in-tariff  
Wind  offshore 79.14  MUSD/PJ 
Wind onshore 30  MUSD/PJ 
Solar 69.41 MUSD/PJ 
 Table 12. Feed-in-tariffs by technology.  
 
  
As part of Europe’s Climate Mitigation Plan, the European Emission Trading Scheme (EU ETS) system was 
implemented in 2003 by the Directive 2003/87/EC and started in 2005. The regime is both a policy driven 
and market based instrument aimed at reducing Europe’s greenhouse gases emission below 1990 levels 
and thereby complying with the Kyoto Protocol. The Scheme follows a ‘cap and trade’ system where each 
EU member state set out the total quantity of CO2 emissions allowed and the quantity allocated to each 
installation under the scheme in the so called National Allocation Plan (NAP). For the long-term price 
projections of ETS the price of low carbon prices is reversed, mainly due to a delayed technology 
development of CCS, public acceptance problems with nuclear energy and CO2 storage, updated wind cost 
assumptions and gas prices remaining relatively stable in the long rung  (EU energy, transports and GHG 
emissions: trends to 2050, European Comission). Hence the ETS price is planned to increase to 155$ in 2013 
per ton of CO2.  
 
Germany has significant interconnection capacity with a range of other EU member states including; 
Austria, Switzerland, Czech Republic, Denmark, France, Luxembourg, the Netherlands, Poland and Sweden. 
The country is a net energetic exporter. Largest export markets are The Netherlands and Australia, while 
the net energy imports mainly come from Czech Republic.  It is assumed in the model that the export will 
decrease with the demand and all the regions will contribute in the same way.  
 
Finally, for the calculations in the model it is also important to consider the investment cost reduction that 
has been taken into account due the learning factor since that playing an important part in the increase of 
renewable technologies in the energy share. Wind onshore turbines are considered to have an initially 
investment cost of 1300$/KW that will decrease to  1000$/KW according to Europe Climate Fundation 
(ECF). Wind offshore has an initially cost of 3123$/KW with a reduction until 1050 $/KW, accordingly to IEA 
(Schoder et al, 2013). 
 
 
 
5. Methodology 
5.1 Model validation 
Before obtaining the results of the different scenarios it is important to validate the model for the starting 
year. The first year of the simulation is going to be validated in terms of dispatch. For this, 2013 of the 
model is going to be compared with the official statistics of the same year from Fraunhofer institute.  
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Figure 9.    Energy production in the first year of the simulation.  
 
In 2013 the gross electricity generation of Germany was 2280 PJ (Destatis, 2013) and in the model the 
electricity generation is 2321 PJ, thus entailing a difference of 1.8%. In 2013 around 26% of the electricity 
generation was produced from renewable sources, and   in the model renewable sources accounts for 
26.79% of the power production. The exports are slightly different; in the model they have been calculated 
taking into account the average from 2011 until 2013. For the rest of years the simulation exports decrease 
with the demand. Therefore the model is considered accurate enough and the parameters and assumptions 
are adjusted to the reality.  
5.2 Scenarios 
The results are going to be obtained based on 4 scenarios. Each scenario takes into account a different 
policy related to nuclear energy in order to know how this will affect the share of the different technologies 
and the GHG emitted. Baseline scenario does not have any restriction regarding the development of wind 
and solar technologies, thus capacity growth will be analysed. The other two scenarios include the phase-
out the nuclear energy for 2022 and 2036 with the current expansion plans for renewable technologies. 
Finally the last scenario considers the construction of new nuclear power plants.  
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Scenario  Renewable technologies 
expansion 
Phase out of nuclear energy  CO2 prices 
Baseline  Maximum Capacity 
by region is not 
limited 
 Investment is 
constrained due to 
the potential.  
 Limited capacity of 
hydropower 
 Investment of 
Biomass and Biogas 
power plants limited 
0,1 GW per year and 
region.   
Phase out of nuclear energy 
2022.  
2020: 54 USD/tonCo2 
2030: 83 USD/tonCo2 
2050: 156 USD/tonCo2 
Current policies  Maximum Capacity 
by region is limited 
by region taking into 
account the 
expansion plans 
 Limited capacity of 
hydropower 
 Investment is 
constrained due to 
the potential.  
 Investment of 
Biomass and Biogas 
power plants limited 
0,1 GW per year and 
region.   
Phase out of nuclear energy 
in 2022.  
Same as Baseline 
Delayed phase 
out  
 Same as Current 
Policies scenario.  
Phase out of nuclear energy 
in 2036.  
Same as Baseline 
No phase out  Same as Current 
Policies scenario. 
Closure of all the plans for 
2036 but allow the 
construction of new ones.  
Same as Baseline 
 Table 13. Overview of the different scenarios 
 
All the scenarios consider the same Co2 prices and the same capacity factors. The capacity factor is reduced 
to 30% in 2030, since the installed capacity of natural gas is expected to increase to 50 GW in 2030 
(Fraunhofer, 2013), and the dispatch is expected to decrease to 100 TWh.. All the scenarios also consider 
the gradually shotdown of the fuel-fired power plants (Coal and Hard Coal) as it is detailed in Fraunhofer 
that there is no replacement of the plants when they arrive at the end of the operational lifetime.  
Today 8 reactors are operating in Germany, most of them PWR. In 2013 nuclear power represented a 16% 
share of the total electricity production with an installed capacity of 11.52 GW. In the Delayed phase-out 
and the No phase-out scenario, the plants are going to be closed I in accordance to the original shutdown 
date. For the No phase-out scenario, construction of new plants are considered with a maximum 
investment limited to 1,3 GW in the four regions (south, , West, South and North).  
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 Clousure- Phase 
out 2022 
Clousure-Phase 
out 2036  
Commercial 
operation 
Type Region Installed 
Capacity 
Grafenrheinfeld 2015 2028 1982 PWR South 1.3 GW 
 Gundremmingen-
B 
2017 2030 1984 BWR South 1.3 GW 
 Phillipsburg-2 2019 2032 1985 PWR SW 1.4 GW 
Gundremmingen-
C 
2021 2030 1985 BWR South 1.4 GW 
Brokdorf 2021 2033 1986 PWR North 1.4 GW 
 Grohnde 2021 2031 1985 PWR North 1.4 GW 
Isar-2  2022 2034 1988 PWR South 1.4 GW 
 Emsland 2022 2035 1988 PWR North 1.3 GW 
 Neckarwestheim-
2 
2022 2036 1989 PWR SW 1.3 GW 
       
                 Table 14.  Closure of the operating reactors according to different scenarios.  
 
6. Results 
In this chapter the results for each scenario are going to be described in terms of energy production, installed 
capacity and emissions. 
Today 95% of the wind turbines are installed in the north due to better conditions in terms of wind speed. 
Despite this, potentials in southern regions are also considerable and can be a solution for the decompensation 
in the regional installed capacity. Potential in northern regions (North and East) is 526 GW, in central regions 
(Central) it is 287 GW and in southern regions (South and South West) it is 375 GW (Onshore wind potential in 
Germany, 2013). According to Fraunhofer, maximum investment for wind onshore should be 2600 MW per 
year. Investments are distributed by the regions accordingly to the potentials and it is assumed to be the same 
for all the years in the simulation. PV is expected to grow 2500 MW/year, and since the rooftop systems are 
owned by private users the investment is going to be calculated based on the current installed capacity. 
For the Baseline scenario the growth of renewables is not limited regarding to maximum installed capacity, just 
the investment of each year is constrained and nuclear power plants are all closed in 2022. The aim of this 
scenario is to see whether the installed capacity that is planned for that years is the same as the optimal capacity 
obtained by the model. 
In the Current Policies and Delayed phase-out scenario the maximum capacity for wind, solar and hydropower 
technologies are limited in accordance to the expansion plans.  
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6.1 Baseline scenario 
Energy production by technology  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10.    Electricity production in Baseline scenario.  
         Installed capacity by technology 
                                   
 
 
 
 
 
 
 
 
 
 
 
 
  
 
          Figure 11.    Installed capacity by technology in Baseline scenario.  
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Emissions 
  
 
 
 
 
 
 
 
 
 
 Figure 12.   Co2 emissions in Baseline scenario.  
6.2 Current policies 
Energy production by technology  
 
Figure 13. Electricity production in Current policies scenario.   
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 Installed capacity by technology 
Figure 14.Installed capacity in current policies scenario.   
Emissions 
 
Figure 15. Co2 emissions in Current policies scenario.   
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6.3 Delayed phase out   
Energy production by technology 
Figure 16. Co2 emissions in Current policies scenario.   
Installed capacity by technology 
Figure 17. Installed capacity in Current policies scenario.   
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Emissions 
Figure 18. Co2 emissions in Delayed phase-out scenario.  
6.4 No phase out  
Energy production by technology 
Figure 19. Electricity production in no phase out scenario.  
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Installed capacity by technology 
Figure 20. Installed capacity in no phase out scenario.  
Emissions  
 
Figure 21. Installed capacity in no phase out scenario.  
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6.5 Description 
For the Baseline scenario the most characteristic aspect is the high increase in the energy share of offshore 
wind to 67,2%. In this case, offshore wind arrives to an installed capacity of 162 GW in 2050, which is above the 
government expansion plans and also more than the wind offshore potentials of the country (90GW) (Schillings 
et al, 2011). This high increase can be explained by an investment of 6,5 GW planned per year and a high FIT 
for this turbines. However the expansion of PV is much less then could be expected during those years, since it 
only arrives tol 63 GW while the current plans arrives to 120 GW. Wind onshore installed capacity for 2050 is 
61 GW which is in the range of the government forecast. Brown Coal and Hard Coal power plants are not being 
replaced after they arrive to the end of their operational lifetime, which makes decrease notably for the 
emissions.  
In the Current policies scenario, it is foremost notably to observe the rise of natural gas where the maximum 
value is achieved in 2033 and then decreasing slightly until 2055 due to a rise in renewables. Wind offshore 
achieves 38% of the energy share in 2050 and the installed capacity is the largest allowed by the potential 
constrains. PV remains in the same terms as in the previous scenario: 60 GW in 2050 and 10% of the electricity 
production. Natural gas is expanded due to lose of capacity of fossil-fuel fired plants that are not being replaced. 
Therefore, a rise in the emissions of Co2 can be observed.  
The main difference between the Current policies scenario and the Delayed phase-out is the reduction of natural 
gas expansion due to the maintenance of the installed capacity of the nuclear energy. In 2028 the production 
of natural gas is half in the Delayed scenario compared to the Current policies scenario. Since wind offshore is 
highly competitive, the difference in the expansion of renewables is in the wind onshore where the closing of 
nuclear power plants in 2022 makes the technology to counter this loss of installed capacity with gas, while in 
the Delayed phase-out the maintained installed capacity of nuclear allowed wind onshore to grow enough even 
if the investment is constrained. Despite this, for 2036 wind onshore represent the same   share of 7% of 
electricity production. This low share is due to limited expansion plans (54 GW for 2050) and a lower capacity 
factor then in wind onshore. Another point that can be noticed is the growth of installed capacity of solar when 
nuclear power plants are closed in 2022, this expansion also appears later on in the Delayed phase-out, despite 
this, it is not reflected in a high increase of the energy production of solar since the capacity factors are not high 
enough. When the capacity factor of the natural gas is reduced the electricity production of oil power plants 
increase. This takes place due to the lack of a technology with a high capacity factor for some time slices.  
In the last scenario the share of nuclear power remain constant in the energy production, this imply a less use 
of gas, solar and offshore wind. Nuclear is a profitable technology since in that scenario all the nuclear capacity 
is being replaced even due to its high capacity factor.  
In conclusion, in all the scenarios the production decrease even if the installed capacity increase. The growth 
of wind onshore is constant in all of them until it reach the limits of the installed capacity, due to a greater 
capacity factor then other renewables and the cost reduction projections of the technology. Biogas also 
increase the share in all the scenarios even if it is highly constrained by fuel availability. Energy production and 
installed capacity of PV remain similar in the scenarios:  Baseline, Current policies and Delayed phase-out, as it 
is mentioned before, this technology does not exceed 70 GW. Even if this technology is not expensive in 
comparison with the other technologies, capacity factors are very low. This is due to the fact that most of the 
PV installed capacity is installed in the northern regions which a low solar potential.  
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 6.6 Comparison with other studies 
Previous studies were more optimistic in the growth of renewable technologies in the energy share and the 
reduction of GHG. This section tried to analyse what can be the differences compared the previous studies, in 
order to know which improvements or further developments can be done in the model.  The results obtained 
from the model will be compared with the study of EWI (University of Cologne, 2012). 
  
 
Figure 22. Comparison with the results of another EWI study.  
If we take a look in the results of the both models, it can easily be seen that the gross of electricity generation 
decreases to 500TWh in 2030 and only to 555TWh in 2030 in the model that has been developed. This is due 
to higher efficiencies in new fossil-fuel fired plants, in the model is it assumed the same efficiencies for the new 
plants in all the years of the simulation. Another difference is the decrease of the electricity production from 
hard coal and lignite power plants. The model has not taking into account technologies with CCS that will 
probably increase the share of this technologies since they have a very low emission rate compared to the 
conventional ones.  In the EWI model new coal plants are forced to use CCS, and since the price for this 
installations is much higher the electricity production from this types of technologies are decreased.  
Another difference is that the pumped storage has been included in the EWI model but not in the model of 
German power system developed with OSeMOSYS. This will provide energy when the electricity production of 
other technologies is low instead of using fossil-fuel fired plants. Furthermore EWI model has 288 time slices 
that can provide a much higher accuracy in terms of demand consumption for each of them and how much 
energy are renewable technologies able to dispatch.  
Finally EWI model was part of a larger model that simulate the future of the power sector for other countries 
and provided a better knowledge about the exchange of electricity between the countries in a more flexible 
way, in contrast the model developed assumed a linear decrease of the exports with the demand predictions.  
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7. Conclusions  
 
Nuclear research is a priority in terms of expenditure, number of patents and number of publications.  
Research priorities in nuclear power are as follows; accident management, radiation protection, plants 
safety and integrity, VHTR and cogeneration, FBR, Fusion Reactors, innovation in LWRs, SCWR, 
decommissioning, reprocessing, transmutation and the adequacy of final disposal to nuclear waste. Japan 
made the greatest expenditure in accident management and final disposal for nuclear waste, in the area of 
innovative reactor concepts the highest investment was done by US in Fusion Reactors. China registered 
the highest number of patents regarding to radiation protection. Japan was the first in the other areas, 
specifically for FBR and fuel reprocessing. Finally most of the publications related with innovation in nuclear 
power are from US in the technologies of plant safety and integrity, Fusion Reactors and final disposal.  
 
Regarding the second aim of the paper which was to know if Germany would be able to achieve the targets 
of renewable technologies share in the electricity production and about the reduction of GHG emission 
even with phase-out of nuclear energy, the result depend on the scenario. The scenario that takes into 
account the phase-out of nuclear energy for 2022 achieve a share of renewable technologies of 31%, 43% 
and 63% for 2020, 2030 and 2050. Reduction of the emissions arrived to 26%, 37% and 71% for the 
mentioned years. Therefore, the targets of Energiewende were not accomplished, neither the emission 
reduction targets of the EU. For the scenario that takes into account the closing of all the plants for 2036, 
the share of the renewable technologies in the electricity production was 34%, 41% and 63% and the 
emissions reduction in this case were 29%, 46% and 72% for the mentioned years. The targets of 
Energiewende were not accomplished, the EU targets regarding emissions reduction were accomplished in 
2030 and are close to the limit in 2020. Renewable technologies production against electricity production 
were above the EU targets for 2020. Finally, the scenario that takes into account the nuclear energy until 
2050, achieves a share of renewables of 33%, 34% and 40%, which will again not complete the 
Energiewende targets but will pass the targets of European Union for 2020. The emission reduction for that 
case is quite significant 31%, 49% and 83%, this imply the achievement of all the targets of European Union 
and Energiewende targets for 2050.  
 
Target  Energiewende 
(2020) 
20 20 20 Targets Energiewende 
(2030) 
2030 Framework Energiewende (2050) 2050 Roadmap 
Emission 
reduction 
target 
(against 
1990) 
-40% -31% -55% -40%  -80 to 95% -79% to 82% 
CP:- 26% CP:- 26% CP:- 37% CP:- 37% CP:- 71% CP:- 71% 
DE:- 29% DE:- 29% DE:- 46% DE:- 46% DE:- 72% DE:- 72% 
NPO: -31% NPO:-31% NPO:-49% NPO:-49% NPO:-80% NPO:-80% 
Renewable 
energy (in 
% of 
electricity 
production) 
35% 33% 50% 46%  at least 80%   
CP:31% CP:- 26% CP:- 43% CP:- 43% CP:63% 
DE:-34% DE:- 34% DE:- 41% DE:- 41% DE:63% 
NPO:34% NPO:-34% NPO:-30% NPO:-30% NPO:41% 
 Table 15.  Summary of targets and results in the different scenarios.  
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The results reflect that the targets of Energiewende are very ambitious and are not accomplished by any 
scenario.  Also the achievement of some goals of the European union regarding the share of renewable 
technologies but not a high reduction of the emissions suggest an improvement of the efficiency for the 
new technologies. Finally the phase-out of nuclear energy for 2036 allow to achieve the targets regarding 
the reduction of GHG emission that will not be accomplished with the current policies according to the 
model.   
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Annexes  
Electricity demand  
Demand  2013 2014 2020 2025 2030 2035 2040 2045 2050 
TOTAL 2028.3479 1950.1922 1884.675 1831.8577 1779.0406 1726.2233 1673.406 1620.5887 1567.7714 
Central- HH 216.748851 208.397148 201.395994 195.751947 190.107923 184.463877 178.81983 173.175784 167.531738 
Central - Industry 228.156685 219.365419 211.995783 206.054682 200.113603 194.172502 188.231401 182.290299 176.349198 
Central - Commercial  124.946231 120.13184 116.09598 112.842434 109.588901 106.335355 103.08181 99.8282639 96.5747182 
East- HH 152.969764 147.075578 142.134537 138.15127 134.168019 130.184753 126.201486 122.21822 118.234954 
East - Industry 161.0214 154.816971 149.615856 145.422928 141.230017 137.037089 132.844162 128.651234 124.458307 
East- Commerical 88.56177 85.1493341 82.2887207 79.9826106 77.6765093 75.3703992 73.0642891 70.758179 68.4520689 
North- HH 182.966618 175.916603 170.00664 165.242268 160.477915 155.713544 150.949172 146.184801 141.420429 
North- Industry 192.59644 185.175371 178.954358 173.93923 168.924121 163.908993 158.893865 153.878738 148.86361 
North- Commercial 105.928042 101.846454 98.4248967 95.6665764 92.9082666 90.1499463 87.391626 84.6333057 81.8749854 
South - HH 115.926486 111.459641 107.715126 104.696451 101.677787 98.6591113 95.6404359 92.6217604 89.603085 
South- Industry 122.02788 117.325938 113.384343 110.20679 107.029249 103.851696 100.674143 97.4965899 94.3190368 
South- Commercial 115.926486 111.459641 107.715126 104.696451 101.677787 98.6591113 95.6404359 92.6217604 89.603085 
South west- HH 102.156958 98.2206764 94.9209279 92.260805 89.6006922 86.9405693 84.2804464 81.6203235 78.9602006 
South West- Industry 107.53364 103.390186 99.9167662 97.1166369 94.3165181 91.5163887 88.7162594 85.91613 83.1160006 
South West-Commercial 59.143502 56.8646021 54.9542214 53.4141503 51.874085 50.3340138 48.7939427 47.2538715 45.7138003 
Table 16.  Demand by region and sector.  
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Figure 23.  Annual load curve.  
 
Figure 24. . Winter load curve.   
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Figure 25. Autumn-spring load curve.   
 
 
Figure 26.Summer load curve.  
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Input data by technology 
Nuclear PP 2013 2014 2020 2025 2030 2035 2040 2045 2050 
Availability 
factor 
0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 
Input Activity 
ratio 
3.03 3.03 3.03 3.03 3.03 3.03 3.03 3.03 3.03 
Output Activity 
Ratio 
1 1 1 1 1 1 1 1 1 
Capacity factor 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 
Capital cost 2500 2500 2500 2000 2000 2000 2000 2000 2000 
Fixed cost 93 93 93 93 93 93 93 93 93 
Operation 
Lifetime  
40 40 40 60 60 60 60 60 60 
Residual 
Capacity- R1 
4.099 4.099 4.099 0 0 0 0 0 0 
Residual 
Capacity- R3 
5.257 5.257 5.257 0 0 0 0 0 0 
Residual 
Capacity- R4 
2.712 2.712 1.327 0 0 0 0 0 0 
Total Annual 
Max Capacity-R1 
4.099 4.099 4.099 0 0 0 0 0 0 
Total Annual 
Max Capacity-R3 
5.257 5.257 5.257 0 0 0 0 0 0 
Total Annual 
Max Capacity-R4 
2.712 2.712 1.327 0 0 0 0 0 0 
Total Annual 
Max Capacity-
R1-SN DE 
4.099 4.099 4.099 4.099 4.099 2.699 0 0 0 
Total Annual 
Max Capacity-
R3-SN DE 
5.257 5.257 5.257 5.257 2.657 0 0 0 0 
Table 17.  Nuclear power plants input data.  
Hydropower 2013 2014 2020 2025 2030 2035 2040 2045 2050 
Availability factor 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 
Input Activity Ratio 1 1 1 1 1 1 1 1 1 
Output Activity Ratio 1 1 1 1 1 1 1 1 1 
Capacity factor 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Capital cost 4,000.00 4,000.00 3,600.00 3,600.00 3,600.00 3,600.00 3,600.00 3,600.00 3,600.00 
Fixed cost 75.00 75.00 75.00 67.50 67.50 67.50 67.50 67.50 67.50 
Operation Lifetime 100 100 100 100 100 100 100 100 100 
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Residual Capaity-R1 0.124 0.124 0.124 0.124 0.124 0.124 0 0 0 
Residual Capacity-R2 0.202 0.202 0.202 0.202 0.202 0.202 0 0 0 
Residual Capacity-R3 1.927 1.927 0.927 0 0 0 0 0 0 
Residual Capacity- R4 0.791 0.791 0.791 0.791 0.791 0.791 0.791 0.791 0.791 
Residual Capacity-R5 0.515 0.515 0.515 0.515 0.515 0.515 0.515 0.515 0.515 
Total Annual Max Capacity-R1 0.124 0.124 0.124 0.124 0.124 0.124 0.124 0.124 0.124 
Total Annual Max Capacity-R2 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202 
Total Annual Max Capacity-R3 1.927 1.927 1.927 1.927 1.927 1.927 1.927 1.927 1.927 
Total Annual Max Capacity-R4 0.791 0.791 0.791 0.791 0.791 0.791 0.791 0.791 0.791 
Total Annual Max Capacity-R5 0.515 0.515 0.515 0.515 0.515 0.515 0.515 0.515 0.515 
Table 18.  Hydropower input data. 
Hard Coal 2013 2014 2020 2025 2030 2035 2040 2045 2050 
Availability factor 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 
Input Activity Ratio 2.1739 2.1739 2.1739 2.1739 2.1739 2.1739 2.1739 2.1739 2.1739 
Output Activity Ratio 1 1 1 1 1 1 1 1 1 
Capacity factor 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 
Capital cost 2200 2200 2200 2000 2000 1800 1800 1800 1800 
Fixed cost 88 88 88 88 88 88 88 88 88 
Operation Lifetime 40 40 40 40 40 40 40 40 40 
Residual Capaity-R1 4.775 4.775 0.775 0 0 0 0 0 0 
Residual Capacity-R2 1.285 1.285 1.285 1.285 0 0 0 0 0 
Residual Capacity-R3 0.847 0.847 0.847 0 0 0 0 0 0 
Residual Capacity- R4 5.507 5.507 5.507 1.507 0.507 0 0 0 0 
Residual Capacity-R5 15.876 15.876 15.876 13.67 13.67 13.67 2.67 2.67 2.67 
Total Annual Max Capacity-R1 999999999 999999999 999999999 999999999 999999999 1.8717 1.7017 1.7 1.7 
Total Annual Max Capacity-R2 999999999 999999999 999999999 999999999 999999999 0.5505 0.5005 0.5 0.5 
Total Annual Max Capacity-R3 999999999 999999999 999999999 999999999 999999999 0.3303 0.3003 0.3 0.3 
Total Annual Max Capacity-R4 999999999 999999999 999999999 999999999 999999999 2.202 2.002 2 2 
Total Annual Max Capacity-R5 999999999 999999999 999999999 999999999 999999999 13.67 5.6056 5.6 5.6 
Table 19.  Hard Coal input data.  
Lignite 2013 2014 2020 2025 2030 2035 2040 2045 2050 
Availability factor 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 
Input Activity Ratio 2.32 2.32 2.32 2.32 2.32 2.32 2.32 2.32 2.32 
Output Activity Ratio 1 1 1 1 1 1 1 1 1 
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Capacity factor 0.794697 0.794697 0.794697 0.794697 0.794697 0.794697 0.794697 0.794697 0.794697 
Fixed cost 88 88 88 88 88 88 88 88 88 
Capital cost 2620 2620 2620 2358 2358 2122.2 2122.2 2122.2 2122.2 
Operation Lifetime  40 40 40 40 40 40 40 40 40 
Residual Capacity-R1 1.386 1.386 0.386 0.386 0 0 0 0 0 
Residual Capacity- R2 11.42 11.42 8.402 4.402 1.402 0.402 0 0 0 
Residual Capacity-R5 9.732 9.732 5.732 3.732 3.732 0 0 0 0 
Total Annual Max Capacity-R1 999999999 999999999 999999999 999999999 999999999 0.2512 0.2012 0.1512 0.1012 
Total Annual Max Capacity-R2 999999999 999999999 999999999 999999999 999999999 6.28 5.03 3.78 2.53 
Total Annual Max Capacity- R5 999999999 999999999 999999999 999999999 999999999 6.28 5.03 3.78 2.53 
Table 20.  Lignite input data.  
PV 2013 2014 2020 2025 2030 2035 2040 2045 2050 
Availability factor 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 
Input Activity Ratio 1 1 1 1 1 1 1 1 1 
Output Activity Ratio 0.15 0.154 0.178 0.198 0.218 0.238 0.258 0.278 0.298 
Capacity factor         
DE_SW_SO-S1-D 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 
DE_SW_SO-S1-N 0 0 0 0 0 0 0 0 0 
DE_SW_SO-S1-P 0 0 0 0 0 0 0 0 0 
DE_SW_SO-S2-D 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 
DE_SW_SO-S2-N 0 0 0 0 0 0 0 0 0 
DE_SW_SO-S2-P 0.33 0.03 0.03 0.03 0.33 0.03 0.03 0.03 0.03 
DE_SW_SO-S3-D 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 
DE_SW_SO-S3-N 0.03 0.03 0.03 0.03 0.13 0.03 0.03 0.03 0.03 
DE_SW_SO-S3-P 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 
DE_S_SO-S1-D 0.0761 0.0761 0.0761 0.0761 0.0761 0.0761 0.0761 0.0761 0.0761 
DE_S_SO-S1-N 0 0 0 0 0 0 0 0 0 
DE_S_SO-S1-P 0 0 0 0 0 0 0 0 0 
DE_S_SO-S2-D 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 
DE_S_SO-S2-N 0 0 0 0 0 0 0 0 0 
DE_S_SO-S2-P 0.39 0.39 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
DE_S_SO-S3-D 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 
DE_S_SO-S3-N 0.14 0.14 0.002 0.002 0.002 0.002 0.002 0.002 0.002 
DE_S_SO-S3-P 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 
46 
 
DE_N_SO-S1-D 0.0724 0.0724 0.0724 0.0724 0.0724 0.0724 0.0724 0.0724 0.0724 
DE_N_SO-S1-N 0 0 0 0 0 0 0 0 0 
DE_N_SO-S1-P 0 0 0 0 0 0 0 0 0 
DE_N_SO-S2-D 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 
DE_N_SO-S2-N 0 0 0 0 0 0 0 0 0 
DE_N_SO-S2-P 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
DE_N_SO-S3-D 0.3163 0.3163 0.3163 0.3163 0.3163 0.3163 0.3163 0.3163 0.3163 
DE_N_SO-S3-N 0 0 0 0 0 0 0 0 0 
DE_N_SO-S3-P 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 
DE_E_SO-S1-D 0.0684 0.0684 0.0684 0.0684 0.0684 0.0684 0.0684 0.0684 0.0684 
DE_E_SO-S1-N 0 0 0 0 0 0 0 0 0 
DE_E_SO-S1-P 0 0 0 0 0 0 0 0 0 
DE_E_SO-S2-D 0.2036 0.2036 0.2036 0.2036 0.2036 0.2036 0.2036 0.2036 0.2036 
DE_E_SO-S2-N 0 0 0 0 0 0 0 0 0 
DE_E_SO-S2-P 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
DE_E_SO-S3-D 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 
DE_E_SO-S3-N 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 
DE_E_SO-S3-P 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 
DE_C_SO-S1-D 0.0772 0.0772 0.0772 0.0772 0.0772 0.0772 0.0772 0.0772 0.0772 
DE_C_SO-S1-N 0 0 0 0 0 0 0 0 0 
DE_C_SO-S1-P 0 0 0 0 0 0 0 0 0 
DE_C_SO-S2-D 0.207 0.207 0.207 0.207 0.207 0.207 0.207 0.207 0.207 
DE_C_SO-S2-N 0 0 0 0 0 0 0 0 0 
DE_C_SO-S2-P 0.0285 0.0285 0.0285 0.0285 0.0285 0.0285 0.0285 0.0285 0.0285 
DE_C_SO-S3-D 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 
DE_C_SO-S3-N 0.054 0.054 0.054 0.054 0.054 0.054 0.054 0.054 0.054 
DE_C_SO-S3-P 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 
Fixed cost 20 19.722 18.054 16.664 15.274 13.884 12.494 11.104 9.714 
Capital cost 955 941 857 787 717 647 577 507 437 
Operation Lifetime  25 25.135 25.945 26.62 27.295 27.97 28.645 29.32 29.995 
Residual Capacity-R1 6.825 6.825 6.825 6.825 6.825 0 0 0 0 
Residual Capacity- R2 8.941 8.941 8.941 8.941 0 0 0 0 0 
Residual Capacity-R3 6.825 6.825 6.825 6.825 6.825 0 0 0 0 
Residual Capacity-R4 6337 6337 6337 6337 6337 6337 6337 6337 6337 
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Residual Capacity-R5 6.458 6.458 6.458 6.458 6.458 6.051 0 0 0 
Total Annual Min Capacity-R1 7.2189 7.5753 9.7137 11.6937 13.6737 15.6537 17.6337 19.6137 21.5937 
Total Annual Max Capacity-R2 9.4046 9.8689 12.6548 15.2343 17.8138 20.3933 22.9728 25.5523 28.1318 
Total Annual Max Capacity-R3 11.32 11.8789 15.2322 18.337 21.4419 24.5467 27.6516 30.7565 33.8613 
Total Annual Max Capacity- R4 5.407 5.6739 7.2756 8.7586 10.2416 11.7246 13.2076 14.6907 16.1737 
Total Annual Max Capacity-R5 6.458 6.7934 8.8057 10.6318 12.4951 14.3583 16.2216 18.0849 19.9482 
Table 21.  PV input data.  
Wind offshore 2013 2014 2020 2025 2030 2035 2040 2045 2050 
Availability factor 1 1 1 1 1 1 1 1 1 
Input Activity Ratio 1 1 1 1 1 1 1 1 1 
Output Activity Ratio 1 1 1 1 1 1 1 1 1 
Capacity factor          
DE_N_SO-S1-D 0.2941 0.2941 0.2941 0.2941 0.2941 0.2941 0.2941 0.2941 0.2941 
DE_N_SO-S1-N 0.2956 0.2956 0.2956 0.2956 0.2956 0.2956 0.2956 0.2956 0.2956 
DE_N_SO-S1-P 0.3052 0.3052 0.3052 0.3052 0.3052 0.3052 0.3052 0.3052 0.3052 
DE_N_SO-S2-D 0.2897 0.2897 0.2897 0.2897 0.2897 0.2897 0.2897 0.2897 0.2897 
DE_N_SO-S2-N 0.3004 0.3004 0.3004 0.3004 0.3004 0.3004 0.3004 0.3004 0.3004 
DE_N_SO-S2-P 0.3265 0.3265 0.3265 0.3265 0.3265 0.3265 0.3265 0.3265 0.3265 
DE_N_SO-S3-D 0.2027 0.2027 0.2027 0.2027 0.2027 0.2027 0.2027 0.2027 0.2027 
DE_N_SO-S3-N 0.2001 0.2001 0.2001 0.2001 0.2001 0.2001 0.2001 0.2001 0.2001 
DE_N_SO-S3-P 0.1999 0.1999 0.1999 0.1999 0.1999 0.1999 0.1999 0.1999 0.1999 
DE_E_SO-S1-D 0.2941 0.2941 0.2941 0.2941 0.2941 0.2941 0.2941 0.2941 0.2941 
DE_E_SO-S1-N 0.2956 0.2956 0.2956 0.2956 0.2956 0.2956 0.2956 0.2956 0.2956 
DE_E_SO-S1-P 0.3052 0.3052 0.3052 0.3052 0.3052 0.3052 0.3052 0.3052 0.3052 
DE_E_SO-S2-D 0.2897 0.2897 0.2897 0.2897 0.2897 0.2897 0.2897 0.2897 0.2897 
DE_E_SO-S2-N 0.3004 0.3004 0.3004 0.3004 0.3004 0.3004 0.3004 0.3004 0.3004 
DE_E_SO-S2-P 0.3265 0.3265 0.3265 0.3265 0.3265 0.3265 0.3265 0.3265 0.3265 
DE_E_SO-S3-D 0.2027 0.2027 0.2027 0.2027 0.2027 0.2027 0.2027 0.2027 0.2027 
DE_E_SO-S3-N 0.2001 0.2001 0.2001 0.2001 0.2001 0.2001 0.2001 0.2001 0.2001 
DE_E_SO-S3-P 0.1999 0.1999 0.1999 0.1999 0.1999 0.1999 0.1999 0.1999 0.1999 
Fixed cost 91 89.68 81.76 75.16 68.56 61.96 55.36 48.76 42.16 
Capital cost 3,125.00 2,995.00 2,215.00 1,565.00 1,045.00 1,045.00 1,045.00 1,045.00 1,045.00 
Operation Lifetime  0.568 0.568 0.568 0.568 0.568 0 0 0 0 
Residual Capacity-R1 0.048 0.048 0.048 0.048 0.048 0 0 0 0 
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Residual Capacity- R2 48 48 48 48 48 48 48 48 48 
Total Annual Max Capacity-R1 3.7223 6.8779 25.8115 35.2875 44.7635 54.2395 63.7155 73.1915 82.6675 
Total Annual Max Capacity-R2 0.048 0.5981 2.2445 3.0685 3.8925 4.7165 5.5405 6.3645 7.1885 
Wind onshore 2013 2014 2020 2025 2030 2035 2040 2045 2050 
Availability factor 1 1 1 1 1 1 1 1 1 
Input Activity Ratio 1 1 1 1 1 1 1 1 1 
Output Activity Ratio 1 1 1 1 1 1 1 1 1 
Capacity factor          
DE_SW_SO-S1-D 0.2207 0.2207 0.2207 0.2207 0.2207 0.2207 0.2207 0.2207 0.2207 
DE_SW_SO-S1-N 0.2149 0.2149 0.2149 0.2149 0.2149 0.2149 0.2149 0.2149 0.2149 
DE_SW_SO-S1-P 0.2299 0.2299 0.2299 0.2299 0.2299 0.2299 0.2299 0.2299 0.2299 
DE_SW_SO-S2-D 0.1352 0.1352 0.1352 0.1352 0.1352 0.1352 0.1352 0.1352 0.1352 
DE_SW_SO-S2-N 0.1252 0.1252 0.1252 0.1252 0.1252 0.1252 0.1252 0.1252 0.1252 
DE_SW_SO-S2-P 0.1334 0.1334 0.1334 0.1334 0.1334 0.1334 0.1334 0.1334 0.1334 
DE_SW_SO-S3-D 0.1352 0.1352 0.1352 0.1352 0.1352 0.1352 0.1352 0.1352 0.1352 
DE_SW_SO-S3-N 0.1256 0.1256 0.1256 0.1256 0.1256 0.1256 0.1256 0.1256 0.1256 
DE_SW_SO-S3-P 0.1343 0.1343 0.1343 0.1343 0.1343 0.1343 0.1343 0.1343 0.1343 
DE_S_SO-S1-D 0.2462 0.2462 0.2462 0.2462 0.2462 0.2462 0.2462 0.2462 0.2462 
DE_S_SO-S1-N 0.2541 0.2541 0.2541 0.2541 0.2541 0.2541 0.2541 0.2541 0.2541 
DE_S_SO-S1-P 0.2574 0.2574 0.2574 0.2574 0.2574 0.2574 0.2574 0.2574 0.2574 
DE_S_SO-S2-D 0.1683 0.1683 0.1683 0.1683 0.1683 0.1683 0.1683 0.1683 0.1683 
DE_S_SO-S2-N 0.1558 0.1558 0.1558 0.1558 0.1558 0.1558 0.1558 0.1558 0.1558 
DE_S_SO-S2-P 0.1661 0.1661 0.1661 0.1661 0.1661 0.1661 0.1661 0.1661 0.1661 
DE_S_SO-S3-D 0.1683 0.1683 0.1683 0.1683 0.1683 0.1683 0.1683 0.1683 0.1683 
DE_S_SO-S3-N 0.1564 0.1564 0.1564 0.1564 0.1564 0.1564 0.1564 0.1564 0.1564 
DE_S_SO-S3-P 0.1672 0.1672 0.1672 0.1672 0.1672 0.1672 0.1672 0.1672 0.1672 
DE_N_SO-S1-D 0.2207 0.2207 0.2207 0.2207 0.2207 0.2207 0.2207 0.2207 0.2207 
DE_N_SO-S1-N 0.2149 0.2149 0.2149 0.2149 0.2149 0.2149 0.2149 0.2149 0.2149 
DE_N_SO-S1-P 0.2299 0.2299 0.2299 0.2299 0.2299 0.2299 0.2299 0.2299 0.2299 
DE_N_SO-S2-D 0.1352 0.1352 0.1352 0.1352 0.1352 0.1352 0.1352 0.1352 0.1352 
DE_N_SO-S2-N 0.1252 0.1252 0.1252 0.1252 0.1252 0.1252 0.1252 0.1252 0.1252 
DE_N_SO-S2-P 0.1334 0.1334 0.1334 0.1334 0.1334 0.1334 0.1334 0.1334 0.1334 
DE_N_SO-S3-D 0.1352 0.1352 0.1352 0.1352 0.1352 0.1352 0.1352 0.1352 0.1352 
DE_N_SO-S3-N 0.1256 0.1256 0.1256 0.1256 0.1256 0.1256 0.1256 0.1256 0.1256 
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DE_N_SO-S3-P 0.1343 0.1256 0.1256 0.1256 0.1256 0.1256 0.1256 0.1256 0.1256 
DE_E_SO-S1-D 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 
DE_E_SO-S1-N 0.2226 0.2226 0.2226 0.2226 0.2226 0.2226 0.2226 0.2226 0.2226 
DE_E_SO-S1-P 0.2234 0.2234 0.2234 0.2234 0.2234 0.2234 0.2234 0.2234 0.2234 
DE_E_SO-S2-D 0.1309 0.1309 0.1309 0.1309 0.1309 0.1309 0.1309 0.1309 0.1309 
DE_E_SO-S2-N 0.1377 0.1377 0.1377 0.1377 0.1377 0.1377 0.1377 0.1377 0.1377 
DE_E_SO-S2-P 0.1377 0.1377 0.1377 0.1377 0.1377 0.1377 0.1377 0.1377 0.1377 
DE_E_SO-S3-D 0.1309 0.1309 0.1309 0.1309 0.1309 0.1309 0.1309 0.1309 0.1309 
DE_E_SO-S3-N 0.138 0.138 0.138 0.138 0.138 0.138 0.138 0.138 0.138 
DE_E_SO-S3-P 0.1367 0.1367 0.1367 0.1367 0.1367 0.1367 0.1367 0.1367 0.1367 
DE_C_SO-S1-D 0.2031 0.2031 0.2031 0.2031 0.2031 0.2031 0.2031 0.2031 0.2031 
DE_C_SO-S1-N 0.1984 0.1984 0.1984 0.1984 0.1984 0.1984 0.1984 0.1984 0.1984 
DE_C_SO-S1-P 0.2003 0.2003 0.2003 0.2003 0.2003 0.2003 0.2003 0.2003 0.2003 
DE_C_SO-S2-D 0.1098 0.1098 0.1098 0.1098 0.1098 0.1098 0.1098 0.1098 0.1098 
DE_C_SO-S2-N 0.112 0.112 0.112 0.112 0.112 0.112 0.112 0.112 0.112 
DE_C_SO-S2-P 0.1092 0.1092 0.1092 0.1092 0.1092 0.1092 0.1092 0.1092 0.1092 
DE_C_SO-S3-D 0.1098 0.1098 0.1098 0.1098 0.1098 0.1098 0.1098 0.1098 0.1098 
DE_C_SO-S3-N 0.1121 0.1121 0.1121 0.1121 0.1121 0.1121 0.1121 0.1121 0.1121 
DE_C_SO-S3-P 0.1082 0.1082 0.1082 0.1082 0.1082 0.1082 0.1082 0.1082 0.1082 
Fixed cost 21.6 21.6 21.6 21.6 21.6 21.6 21.6 21.6 21.6 
Capital cost 1,300.00 1,286.26 1,203.82 1,135.12 1,066.42 1,049.92 1,033.42 1,016.92 1,000.42 
Operation Lifetime  25 25 25 25 25 25 25 25 25 
Residual Capacity-R1 12.941 12.941 12.941 12.941 12.941 12.941 12.941 12.941 12.941 
Residual Capacity- R2 17.067 17.067 17.067 0 0 0 0 0 0 
Residual Capacity-R3 1.117 1.117 1.117 1.117 0.117 0 0 0 0 
Residual Capacity-R4 0.617 0.617 0.617 0.617 0 0 0 0 0 
Residual Capacity-R5 6.279 6.279 6.279 6.279 6.034 0 0 0 0 
Total Annual Min Capacity-R1 15477 16116 19950 22920 25890 25890 25890 25890 25890 
Total Annual Min Capacity-R2 12975 13512 16734 19229 21724 21724 21724 21724 21724 
Total Annual Min Capacity-R3 2250 2337 2859 3264 3669 3669 3669 3669 3669 
Total Annual Min Capacity- R4 1619 1685 2081 2391 2701 2701 2701 2701 2701 
Total Annual Min Capacity-R5 6.279 6.279 6.279 6.279 6.034 0 0 0 0 
Total Annual Min Capacity-R6 245 255 315 362.25 409.5 409.5 409.5 409.5 409.5 
Biomass CHP- Solid 2013 2014 2020 2025 2030 2035 2040 2045 2050 
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Availability factor 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 
Input Activity Ratio 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 
Output Activity Ratio 1 1 1 1 1 1 1 1 1 
Capacity factor 0.835 0.835 0.835 0.835 0.835 0.835 0.835 0.835 0.835 
Emission activity Ratio 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0 
Fixed cost 115 115 115 115 115 115 115 115 115 
Capital cost 3000 3000 3000 3000 3000 3000 3000 3000 3000 
Operation Lifetime  25 25 25 25 25 25 25 25 25 
Residual Capacity-R1 2.884 1.884 0.884 0.884 0 0 0 0 0 
Residual Capacity- R2 2.715 2.715 1.715 0 0 0 0 0 0 
Residual Capacity-R3 2.71 1.271 1.271 0 0 0 0 0 0 
Residual Capacity-R4 1.988 0.988 0.788 0 0 0 0 0 0 
Residual Capacity-R5 1.895 1.895 1.895 1.895 0 0 0 0 0 
Total Annual Min Capacity-R1 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 
Total Annual Min Capacity-R2 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 
Total Annual Min Capacity-R3 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 
Total Annual Min Capacity- R4 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 
Total Annual Min Capacity-R5 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 
Biomass CHP- Biogas 2013 2014 2020 2025 2030 2035 2040 2045 2050 
Availability factor 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 
Input Activity Ratio 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 
Output Activity Ratio 1 1 1 1 1 1 1 1 1 
Capacity factor 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 
Emission activity Ratio 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
Fixed cost 128 128 128 128 128 128 128 128 128 
Capital cost 3000 3000 3000 3000 3000 3000 3000 3000 3000 
Operation Lifetime  25 25 25 25 25 25 25 25 25 
Residual Capacity-R1 0.304 0.304 0.304 0 0 0 0 0 0 
Residual Capacity- R2 0.383 0.383 0.383 0 0 0 0 0 0 
Residual Capacity-R3 0.241 0.241 0 0 0 0 0 0 0 
Residual Capacity-R4 0.098 0.098 0.098 0 0 0 0 0 0 
Residual Capacity-R5 0.629 0.028 0 0 0 0 0 0 0 
Total Annual Min Capacity-R1 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 
Total Annual Min Capacity-R2 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 
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Total Annual Min Capacity-R3 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 
Total Annual Min Capacity- R4 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 
Total Annual Min Capacity-R5 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 
CCGT 2013 2014 2020 2025 2030 2035 2040 2045 2050 
Availability factor 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 
Input Activity Ratio 1 1 1 1 1 1 1 1 1 
Output Activity Ratio 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 
Capacity factor(*) 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
Emission activity Ratio 370 370 370 370 370 370 370 370 370 
Fixed cost 44 44 44 44 44 44 44 44 44 
Capital cost 1100 1100 1000 1000 1000 900 900 900 900 
Operation Lifetime  30 30 30 30 30 30 30 30 30 
Residual Capacity-R1 6.193 6.193 4.193 2.193 0 0 0 0 0 
Residual Capacity- R2 3.534 3.534 3.534 3.534 0 0 0 0 0 
Residual Capacity-R3 4.423 4.423 4.423 0 0 0 0 0 0 
Residual Capacity-R4 1.051 1.051 1.051 1.051 0 0 0 0 0 
Residual Capacity-R5 10.352 10.352 10.238 10.238 10.238 10.238 0 0 0 
Total Annual Min Capacity-R1 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 
Total Annual Min Capacity-R2 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 
Total Annual Min Capacity-R3 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 
Total Annual Min Capacity- R4 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 
Total Annual Min Capacity-R5 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 
Mineral oil products 2013 2014 2020 2025 2030 2035 2040 2045 2050 
Availability factor 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 
Input Activity Ratio 2.85 2.85 2.85 2.85 2.85 2.85 2.85 2.85 1 
Output Activity Ratio 1 1 1 1 1 1 1 1 1 
Capacity factor 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 
Fixed cost 88 88 88 88 88 88 88 88 88 
Capital cost 2,045.00 2,045.00 2,045.00 2,045.00 2,045.00 2,045.00 2,045.00 2,045.00 2,045.00 
Operation Lifetime  40 40 40 40 40 40 40 40 40 
Residual Capacity-R1 0.792 0.792 0 0 0 0 0 0 0 
Residual Capacity- R2 0.909 0.909 0 0 0 0 0 0 0 
Residual Capacity-R3 0.988 0.988 0.988 0 0 0 0 0 0 
Residual Capacity-R4 0.7 0.7 0.7 0 0 0 0 0 0 
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Residual Capacity-R5 0.504 0.504 0 0 0 0 0 0 0 
Total Annual Min Capacity-R1 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 
Total Annual Min Capacity-R2 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 
Total Annual Min Capacity-R3 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 
Total Annual Min Capacity- R4 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 
Total Annual Min Capacity-R5 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 999999999 
Table 22.  Other technologies input data.  
Fuels 
Extraction limit 2013 2014 2020 2025 2030 2035 2040 2045 2050 
Brown coal 1474 1439 1,229.00 1,054.00 879 704 529 354 179 
Waste 148 148 148 148 148 148 148 148 148 
Biomass 156 156 156 156 156 156 156 156 156 
Hard Coal 327 327 0 0 0 0 0 0 0 
Natural gas 54 54 54 54 54 54 54 54 54 
Oil  1.55 1.55 1.55 1.55 1.55 1.55 1.55 1.55 1.55 
Variable cost 2013 2014 2020 2025 2030 2035 2040 2045 2050 
Brown Coal 1.1 1.09574 1.1704 1.22578 1.28117 1.33946 1.33946 1.33946 1.33946 
Biogas 3.48 3.372 2.724 2.616 2.616 2.616 2.616 2.616 2.616 
Biomass 10.05 9.942 9.294 9.186 9.186 9.186 9.186 9.186 9.186 
Hard Coal 7.71 7.46798 7.78386 8.20347 8.59164 8.97981 9.38841 9.38841 9.38841 
Natural gas 8.936 8.936 8.936 8.936 8.936 8.936 8.936 8.936 8.936 
Oil 15.69 14.07681 11.42811 13.16117 15.25673 17.64836 20.40393 20.40393 20.40393 
Imports Hard 
coal 5.15 5.27 5.99 6.59 7.19 7.79 8.39 8.99 9.59 
Imports Fuel oil 21.335 19.14141 15.53975 17.89634 20.74585 23.99795 27.74493 27.74493 27.74493 
Imports 
Natural Gas 10.23 10.32 10.86 11.31 11.76 12.21 12.66 13.11 13.56 
Imports Crude 
oil 18.77 18.91 19.75 20.45 21.15 21.85 22.55 23.25 23.95 
Imports 
Uranium 0.18347 0.195 0.28107 0.38118 0.51695 0.70107 0.95079 1.28944 1.74872 
Table 23.  Fuels input data.  
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